To identify risk factors for failure of OPAT (outpatient parenteral antimicrobial therapy) among veterans with SAB (Staphylococcus aureus bacteremia), a retrospective review was conducted of all patients receiving OPAT for SAB between 01/2011-09/2013 at a large, tertiary-care VA (Veterans' Affairs) medical center. Treatment failure was defined as incomplete therapy, therapy extension, infection relapse, or hospital admission or surgical intervention within 60 days of therapy completion. Of 118 SAB patients treated with OPAT, 101 met inclusion criteria. Treatment failure occurred in 36 (35.6%) patients. In multivariate analysis, heart failure (OR 3.67; CI 1.13-12.0), previous OPAT (OR 14.1; CI 2.02-97.8), immunosuppression (OR 10.5; CI 1.74-63.3), and treatment with daptomycin (OR 9.56; CI 1.89-48.4) were independently associated with failure. A trend toward lower failure rates was seen in the community living center, a VA long-term care facility possessing its own infectious diseases consultation service. In veterans with SAB, specific health factors were associated with higher rates of OPAT failure. Given the morbidity and cost of SAB treatment failures, similar analyses may benefit other large OPAT programs to optimize the selection of patients and settings in which successful treatment will most likely occur.
Introduction
 SAB (Staphylococcus aureus bacteremia) is a serious infection requiring prolonged courses of intravenous antibiotic therapy [1, 2] . OPAT (outpatient parenteral antimicrobial therapy) is frequently used to complete this treatment and has several advantages including cost savings, decreased risk of hospital-acquired infection, and increased patient autonomy [3] . While OPAT is generally considered safe and effective, recent studies have reported failure rates in patients with SAB from 13-31% suggesting opportunities for process improvement [4, 5] . Certain risk factors in these studies, such as heart failure and chronic kidney disease, have been associated with treatment failure. Similarly, we hypothesized that specific risk factors for OPAT failure exist in our veteran patient population.
The primary objective for the study was to identify risk factors for OPAT treatment failure so that the process of patient selection, determination of disposition, and treatment could be improved in our medical center. Additionally, we sought to define our OPAT failure rate in SAB patients and to compare outcomes between outpatient treatment settings. 
Materials and Methods

Inclusion/Exclusion Criteria
Approval for the study was obtained from the Institutional Review Board at the LSCDVAMC (Louis Stokes Cleveland Department of Veterans Affairs Medical Center) prior to study commencement. This was a retrospective review utilizing the medical center's electronic OPAT database. Patients who received OPAT for an episode of SAB from any source between January 2011 and September 2013 were included in the study. Patients were excluded if bacteremic with more than one organism or if enrolled in the spinal cord rehabilitation program at the medical center. As spinal cord patients receive around the clock nursing care, the authors felt that this was more reflective of inpatient than outpatient treatment. Patients receiving OPAT with suppressive or palliative rather than curative intent were also excluded.
Outcomes
The primary outcome of the study was treatment failure, which was defined as incomplete therapy, unplanned intravenous or oral therapy extension, infection relapse, or hospital admission or surgical intervention related to initial infection within 60 days of therapy completion. Data was collected on patient demographics, comorbidities, and OPAT regimen to determine potential risk factors for treatment failure. OPAT outcomes were also compared across different treatment settings when patients were discharged to home, to a community skilled nursing facility, or to the VA CLC (community living center), a skilled nursing facility attached to the medical center possessing its own infectious diseases consult service.
Definitions of Comorbidities
In addition to documentation in progress notes or the patient's problem list in the electronic medical record, the following definitions were utilized to classify patients as having or not having specific risk factors: HFrEF or HFpEF (heart failure defined as either reduced or preserved ejection fraction) noted on most recent echocardiogram; chronic kidney disease defined as baseline eGFR < 60 mL/min/m 2 per patient medical record, or status-post kidney transplant; previous OPAT defined as OPAT for SAB prior to the study period or OPAT for alternative indication prior to treatment for SAB during the study period; and immunosuppression defined as taking maintenance transplant anti-rejection medications, TNF (tumor necrosis factor)-α inhibitors, DMARDs (disease-modifying anti-rheumatic drugs), azathioprine, methotrexate, IL-1 antagonists, chronic steroids (> 3 months at ≥ 40 mg prednisone/day equivalent), HIV with CD4 count < 250, or cancer status-post chemotherapy within the last 6 months.
Statistics
Three types of analyses were used: Student's t-test, chi-squared test, and multivariate logistic regression. As the dependent variable of interest (treatment failure) is dichotomous, logistic regression analysis was used to identify the odds ratios from a set of predictors. Since the data were normally distributed, chi-squared test and Student's t-test were used to identify significant differences between success and failure groups with significance set at α = 0.05. Risk factors found to be significantly different or close to significant with a p-value < 0.10 were included in a multivariate logistic regression to identify the strongest set of predictors of treatment failure while controlling for each predictor's influence on the others. There were no violations of the assumptions (e.g., influential cases, multicollinearity, adequate variance) for logistic regression.
Details of Ethical Approval for the Study
Approval from the Institutional Review Board at LSCDVAMC was obtained on December 20, 2011 prior to study commencement.
The IRB approval number for the study is 11082-H51.
Results
Included Patients
Of 118 OPAT episodes for SAB between January 2011 and September 2013, 101 met inclusion criteria, which constituted a total of 98 unique patients. Selected baseline characteristics are shown in Table 1 . All sources of bacteremia were included in the study with the most common being skin and soft tissue or bone and joint infections (60/101 patients). Ten patients had SAB secondary to line infection, and fourteen had definite endocarditis as defined by the modified Duke criteria [6] . Other sources of bacteremia were due to urinary tract infection, pneumonia, or unknown source.
Comorbidities were common among included patients prior to OPAT therapy (see Table 2 ). 85/101 patients (84.1%) had at least 1 of the following-diabetes, chronic kidney disease, coronary artery or peripheral vascular disease, heart failure, or obesity. 45 patients (44.6%) had either a history of or active hematologic/oncologic disease. 25 patients (24.8%) had a prosthetic heart valve or history of other hardware such as hip or knee replacement, and 12 patients (11.9%) had a history of SAB prior to the study period. infections), of which five were amputations. Thirteen patients failed to complete intravenous therapy, of which four were due to adverse drug reactions [3-acute kidney injury or renal failure; 1-self-discontinuation due to rash]. Two patients died during the study period -one due to culture-negative septic shock during OPAT and one due to complications from hepatocellular carcinoma shortly after completion of OPAT.
Univariate Analysis
No significant differences were found between success and failure groups for average age (65 versus 62 years), average distance from the medical center (36 versus 42 miles), or time to negative blood culture (3.8 versus 2.9 days, respectively). Similarly, no differences in outcomes were seen based on race or gender between the groups.
Chi-squared analysis revealed significant differences between success and failure groups for patients with heart failure, chronic kidney disease, or immunosuppression (Table 2) . A significant association with failure was also found for patients who received previous OPAT or who were treated with daptomycin. No other antimicrobial agents were predictive of treatment failure. No significant differences were found for the causative organism (MRSA vs. MSSA), vancomycin MIC > 1 mg/L, or for the source of bacteremia except those due to an unknown source, which was associated with treatment success. Additional comparisons of baseline characteristics between success and failure groups may be found in Table 2 .
Of the two patients with immunosuppression classified as an OPAT success, one patient was taking ustekinumab for psoriatic arthritis and one was on maintenance methotrexate for ulcerative colitis. The seven classified as OPAT failures had the following characteristics: three with rheumatoid arthritis-one taking prednisone and azathioprine daily, one taking etanercept once weekly, and one with concomitant psoriasis taking weekly methotrexate and daily leflunomide; two status-post transplant-one heart and one kidney transplant on immune suppression; one with recurrent polyarticular gout treated with steroids and anakinra; and one with AIDS with a CD4 count of 82, Hodgkin's lymphoma and rectal carcinoma with recent chemotherapy prior to OPAT.
Among OPAT treatment settings, failure rates were lowest in the VA community living center (6/25, 24.0%) and highest in skilled nursing facilities (10/23, 43.5%), although these differences were not found to be statistically significant. Of 53 patients treated with OPAT in the home setting, 20 failed therapy (37.7%).
Multivariate Analysis
Of the variables identified as significant or close to significant (p < 0.10) on univariate analysis, heart failure, previous OPAT, immunosuppression, and
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Discussion
Previous studies have addressed risk factors for failure of OPAT in other infections including endocarditis and bone and joint infections [5, 7] ; however, risk factors specifically in SAB are largely unknown. This is an important treatment question as SAB is associated with a high cost burden on health care systems and is associated with considerable morbidity and mortality [2, 4] . We used broad criteria for treatment failure, which are consistent with definitions outlined in previous studies, current BSAC (British Society for Antimicrobial Chemotherapy) best practice recommendations, and IDSA (Infectious Diseases Society of America) guidelines for OPAT [3] [4] [5] 8] . While these criteria likely overestimated the number of treatment failures in our study, the failure rate of 35.6% was similar to previous OPAT studies evaluating patients with SAB or SAB/IE (range 13-31%) [4, 5] .
Risk factors for failure identified in this study are largely consistent with previous studies as well. Duncan and colleagues identified either heart failure or CKD as risk factors for OPAT failure in patients with SAB/IE (pooled OR 7.48, 95% CI 2.52-22.21) [5] . Although only significant on univariate analysis, results from this study and from the Duncan study suggest that CKD warrants further investigation as a potential risk factor for OPAT failure in SAB. Immunosuppression is a well-documented risk factor for developing SAB and for recurrence [2, [9] [10] [11] . Therefore, it is logical that these patients may be at increased risk for treatment failure as well.
While previous OPAT was significantly associated with failure on multivariate analysis, this relationship may not be causal in nature. It is likely that this represents both the complexity of veterans treated in our medical center and the high relapse rates seen in S. aureus infections. However, this finding also suggests opportunity for improvement of our OPAT program and further validates the study rationale stated previously.
One finding in contrast to those of previous studies was the independent association between daptomycin and treatment failure. Daptomycin is commonly used for OPAT due to convenient once daily dosing in patients with CrCl ≥ 30mL/min, rapid bactericidal activity, and comparable efficacy to standard therapy with vancomycin for SAB and SAB/IE [4, 9, 12] . In our study 6 of 9 patients receiving daptomycin failed therapy. Of these, all were switched from vancomycin to daptomycin during their inpatient stay for one of the following reasons: progression of infection (2 patients), adverse reaction (2 patients), resistance (1 patient) and inability to reach therapeutic vancomycin levels (1 patient). Treatment failures may have resulted from the pathogenicity of the organism and infection severity rather than due to the agent itself, although an alternative explanation could be daptomycin dosing. Five of six patients failing daptomycin received 6 mg/kg daily, and there is some evidence to suggest that higher doses (8-10 mg/kg daily) may be warranted in serious gram positive infections [1, 13] . However, despite these findings in our small study, we still consider daptomycin to be a useful agent in OPAT for SAB.
These data do have several limitations. Determining with certainty the effect of each risk factor on treatment outcomes is difficult considering that patients were not randomized and that the number of patients within each category was relatively small. While some risk factors were significantly associated with failure on multivariate analysis, it is possible that additional factors could be identified with a larger sample size. Furthermore, baseline data was not collected on inpatient length of stay and duration of IV antibiotics prior to discharge, which could have altered OPAT treatment outcomes. Data collection was limited to the VA electronic medical record; therefore, admissions to any outside facility were not captured in the data set unless recorded by a VA provider. While previous studies have assessed outcomes up to 12 months after OPAT, patients were followed for 60 days after OPAT in our study. The 60 day time frame was included in our composite definition for treatment failure as we felt that this would be most reflective of the success or failure of the isolated OPAT course. However, this approach may have also resulted in the omission of relevant outcomes data, which were not gathered beyond 60 days of OPAT completion. To our knowledge this study is the largest to date addressing risk factors for failure of OPAT in SAB; however, the number of cases identified was relatively small and larger prospective studies are still needed. Our study does make an important comparison of outcomes between OPAT treatment settings, but analysis of these outcomes is limited by selection bias. Patients unfit to be treated at home (due to poor functional status, severity of illness, lack of caregiver support, etc.) will likely be discharged to a skilled facility rather than home. Therefore, it is unsurprising that a non-significant trend toward higher failure rates was found in patients treated at skilled nursing facilities. Conversely, this makes the trend toward greater success rates in the VA CLC more meaningful in that closer monitoring of OPAT by an infectious disease specialist may have a positive impact on treatment outcomes in these complicated patients.
Conclusions
In summary, in a complex veteran population, OPAT failure rates for SAB were consistent with those previously reported in the literature. Although specific health factors such as heart failure, immunosuppression, and previous OPAT were associated with higher rates of failure in our study, these are not contraindications to OPAT so long as risk factors are fully assessed and the treatment setting and monitoring frequency are adjusted accordingly. Given the morbidity and cost of SAB treatment failures, similar analyses may benefit other large OPAT programs, in order to prospectively optimize the local selection of patients and settings in which successful treatment will most likely occur.
